Atopobacter phocae gen. nov., sp. nov., a novel bacterium isolated from common seals 
The lactic acid bacteria constitute a phylogenetically heterogeneous assortment of Gram-positive, facultatively anaerobic, mostly catalase-negative, rod-or coccus-shaped organisms which belong to the Clostridium branch of the Gram-positive bacteria. The genus Lactobacillus constitutes the largest group of rod-shaped organisms within the lactic acid bacteria and currently over 50 species are recognized (Hammes et al., 1992) . Other rod-shaped genera within the lactic acid group of bacteria include Carnobacterium and Desemzia. The genus Carnobacterium was described to accommodate the species Lactobacillus divergens and Lactobacillus piscicola and some atypical lactobacilli which were isolated from refrigerated meats (Collins et al., 1987) . The genus Carnobacterium originally contained four species but two further species from Antarctic lakes have subsequently been added to the genus (Franzmann et al., 1991) . Recently, the genus Desemzia was described for the species previously designated Brevibacterium incertum (Stackebrandt et al., 1999) organisms, numerous studies have shown these taxa are only remotely related to lactobacilli, and in fact possess a closer phylogenetic affinity with several catalase-negative coccus-shaped organisms such as Granulicatella spp., enterococci, vagococci, tetragenococci, Melissococcus plutonius and Lactosphaera pasteurii (e.g. Collins & Lawson, 2000 ; Lawson et al., 1999a, b ; Stackebrandt et al., 1999) .
During the course of an investigation into the Grampositive flora of aquatic mammals, we have isolated a hitherto unknown rod-shaped bacterium from two dead seals which displays a phylogenetic association with Carnobacterium, Desemzia and the aforementioned catalase-negative, coccus-shaped organisms. The unknown bacterium was readily distinguished from other described Gram-positive, catalase-negative organisms by biochemical tests and electrophoretic analysis of whole-cell proteins. Based on phylogenetic and phenotypic evidence it is proposed that the unidentified bacterium be classified as Atopobacter phocae gen. nov., sp. nov.
Strain M1590\94\2 T was isolated following a postmortem examination of a common seal pup. The animal had general lymphadenopathy and acutely Both strains were cultured on Columbia agar supplemented with 5 % defibrinated horse blood (Oxoid Unipath) and incubated in air plus 5 % CO # at 37 mC. The strains were biochemically characterized by using the API rapid ID32S and API ZYM systems according to the manufacturer's instructions (API bioMe! rieux). PAGE analysis of whole-cell proteins was performed as described by Pot et al. (1994) . The GelCompar GCW 3.0 software package (Applied Maths) was used for densitometric analysis, normalization and interpretation of protein patterns. The cell wall murein structure of strain CCUG 42358 T was determined by the method of Schleifer & Kandler (1972) except that ascending TLC on cellulose sheets (Merck) was used. The 16S rRNA genes of the isolates were amplified by PCR and directly sequenced using a Taq DyeDeoxy terminator cycle sequencing kit (Applied Biosystems) and an automatic DNA sequencer (Applied Biosystems ; model 373A). The closest known relatives of the new isolates were determined by performing database searches. These sequences and those of other known related strains were retrieved from the GenBank or Ribosomal Database Project (RDP) databases and aligned with the newly determined sequences using the program  (Devereux et al., 1984) . The resulting multiple sequence alignment was corrected manually and a distance matrix was calculated using the programs  and  (using the Kimura two-correctionparameter) (Felsenstein,1989) .Aphylogenetic tree was constructed according to the neighbour-joining method with the program  (Felsenstein, 1989) . The stability of the groupings was estimated by bootstrap analysis (500 replications) using the programs , ,  and  (Felsenstein, 1989) . The GenBank accession number for the 16S rRNA gene sequence of strain CCUG 42358 T is Y16546.
The two isolates were Gram-positive, irregular-rodshaped cells which formed smooth, grey-coloured, non-haemolytic, pin-sized colonies on Columbia agar supplemented with 5 % defibrinated horse blood when incubated at 37 mC in air plus 5 % CO # for 24 h. Growth was also observed without the addition of blood to the basal medium exhibiting the same colony morphology as above. Both strains were facultatively anaerobic and catalase-negative. Growth was observed at 25 but not at 42 mC. Both strains produced acid from cyclodextrin, glucose, glycogen, maltose, pullulan and ribose, but failed to produce acid from -arabitol, -arabinose, mannitol, melibiose, melezitose, methyl β--glucopyranoside, raffinose, sorbitol, tagatose and -xylose. The production of acid from lactose, sucrose and trehalose was variable. Both isolates showed acid phosphatase, alkaline phosphatase, arginine dihydrolase, esterase C-4 (weak reaction), ester lipase C-8 (weak reaction), pyroglutamic acid arylamidase (weak reaction), pyrazinamidase (weak reaction) and pyrrolidonyl arylamidase activity. Activity of alanine phenylalanine proline arylamidase and leucine arylamidase was either weak or negative. Neither of the strains however displayed activity for Nacetylglucosaminidase, chymotrypsin, cystine arylamidase, α-fucosidase, α-galactosidase, β-glucosidase, β-glucuronidase, glycine tryptophan arylamidase, α-mannosidase, β-mannosidase lipase C-14, trypsin or valine arylamidase. Neither of the strains hydrolysed aesculin, gelatin, hippurate or urease. They were Voges-Proskauer-negative and did not reduce nitrate.
PAGE analysis of whole-cell proteins confirmed the close phenotypic resemblance of the two bacterial seal isolates as they formed a tight cluster (approx. 78 % similarity), which was separate from all other Grampositive, catalase-negative reference organisms examined (see Fig. 1 ). Taxa recovered close to the unknown strains on PAGE analysis included Tetragenococcus halophilus, Aerococcus viridans and some Leuconostoc spp., although their association was not particularly close ( joining the unknown bacterium cluster at less than 60 % similarity). An examination of the cell wall of strain CCUG 42358 T revealed a murein based on -Orn--Asp (type A4β) (nomenclature of Schleifer & Kandler, 1972) . Within the Gram-positive, catalase-negative, non-sporing, rod-shaped taxa this murein type is relatively uncommon, occurring in some bifidobacteria, Lactobacillus fermentum, Lactobacillus pontis, Lactobacillus vaginalis and Lactobacillus uli. Similarly, amongst coccus-shaped taxa this murein type is to our knowledge found only in Granulicatella balaenopterae, 'Peptostreptococcus glycinophilus ', Sporosarcina halophila and Halobacillus spp. It is pertinent to note that carnobacteria and D. incerta, the nearest rod-shaped phylogenetic relatives of the unknown seal bacterium, possess a directly cross-linked wall based on meso-diaminopimelic acid (type A1γ) and a -Lysine--Glu-type murein, respectively (Collins et al., 1987 ; Stackebrandt et al., 1999) .
To investigate the genealogical affinity between the two isolates and their relationship with other Grampositive, catalase-negative taxa, comparative 16S rRNA gene sequence analyses were performed. Pairwise analysis of the almost complete gene sequence ( 1400 nucleotides) of the two isolates from seals were determined and revealed 99n8 % 16S rRNA similarity. This close genealogical affinity between the isolates was consistent with the results of whole-cell protein PAGE analysis and their close biochemical resemblance. Sequence searches of GenBank and RDP databases revealed the unknown isolates were phylogenetically most closely associated with the lactic acid group of bacteria, particularly Granulicatella spp., Lactosphaera pasteurii, M. plutonius, enterococci, carnobacteria, vagococci and tetragenococci (data not shown). A tree constructed by the neighbour-joining method depicting the phylogenetic affinity of the unknown rod as exemplified by strain CCUG 42358 T is shown in Fig. 2 . The treeing analysis confirmed the association of the unknown bacterium with the lactic acid group of bacteria and showed that it represents a previously unknown line, close to but distinct from, Granulicatella adiacens and related species.
It is evident from the findings of the investigation that the two rod-shaped strains originating from seals represent a hitherto unrecognized bacterium within the low GjC content, Gram-positive, catalase-negative group of organisms. Phylogenetically, the rodshaped bacterium shows a loose association with a cluster of coccus-shaped species which includes G. adiacens, G. balaenopterae and Granulicatella elegans (approx. 93n0-93n7 % similarity) although bootstrap resampling showed this relationship is not statistically significant. Other taxa displaying a somewhat looser affinity with the unknown bacterium included the coccus-shaped Lactosphaera pasteurii, M. plutonius, tetragenococci and vagococci, and the rod-shaped D. incerta and carnobacteria (Fig. 2) . Based on tree topology considerations and sequence divergence values of 6 % or greater with the aforementioned taxa, the unknown bacterium merits classification as a new genus. Chemotaxonomic data (whole-cell protein patterns and wall murein composition) reinforce the separateness of the unknown rod from all currently described Gram-positive, catalase-negative reference taxa. Therefore, based on both phenotypic and phylogenetic findings, we consider the unknown catalasenegative, Gram-positive rod from seals merits classification in a new genus, for which the name Atopobacter phocae gen. nov., sp. nov. is proposed. Characteristics which are useful in distinguishing Atopobacter phocae from its closest phylogenetic relatives and the rod-shaped carnobacteria and D. incerta are shown in Table 1 .
Description of Atopobacter gen. nov.
Atopobacter (A. to.po.bachter. Gr. adj. atopos having no place, strange ; M.L. masc. n. bacter rod ; M.L. masc. n. Atopobacter, strange rod). Janssen et al. (1995) , Stackebrandt et al. (1999) and this study. Biochemical tests were determined using API rapid ID32S and ZYM systems. v, Variable ; w, weak ; , not determined. 
C. piscicola
Production of acid from :
Cells consist of Gram-positive, short, non-sporeforming, irregular rods. Non-haemolytic, small pinsized, grey-coloured, smooth colonies are formed on horse blood agar after incubation at 37 mC for 24 h. Growth is observed without the addition of blood or serum to the basal medium. Facultatively anaerobic and catalase-negative. Growth is observed at 25 but not at 42 mC. Acid but no gas is produced from -glucose. Acid phosphatase, arginine dihydrolase, alkaline phosphatase and pyrrolidonyl arylamidase are produced. Aesculin, gelatin, hippurate and urea are not hydrolysed. Nitrate is not reduced to nitrite. Voges-Proskauer-negative. The cell wall contains an -Orn--Asp-type murein (A4β). Isolated from dead common seals. Habitat is not known. The type species of the genus is Atopobacter phocae. As determined by 16S rRNA gene sequence analysis, the genus Atopobacter belongs to the lactic acid group of bacteria and is phylogenetically most closely related to G. adiacens, G. balaenopterae and G. elegans.
Description of Atopobacter phocae sp. nov.
Atopobacter phocae (phohcae. N.L. gen. n. phocae of or pertaining to the common seal Phoca vitulina, from which the organism was isolated).
On blood agar cells are short, irregular rods that form small, smooth, grey, pin-sized colonies after 24 h incubation at 37 mC. Haemolysis is not observed. Cells stain Gram-positive. Facultatively anaerobic and catalase-negative. Growth is observed at 25 but not at 42 mC. Using commercial API systems, acid is produced from cyclodextrin, glucose, glycogen, maltose, pullulan and ribose, but not from -arabitol, -arabinose, mannitol, melibiose, melezitose, methyl β--glucopyranoside, raffinose, sorbitol, tagatose and -xylose. Acid from lactose, sucrose and trehalose may or may not be produced. Activity for acid phosphatase, alkaline phosphatase, arginine dihydrolase, esterase C-4 (weak reaction), ester lipase C-8 (weak reaction), pyroglutamic acid arylamidase (weak reaction), pyrazinamidase (weak reaction) and pyrrolidonyl arylamidase is detected. No activity for N-acetylglucosamidase, chymotrypsin, cystine arylamidase, α-fucosidase, α-galactosidase, β-glucosidase, β-glucuronidase, glycine tryptophan arylamidase, β-mannosidase, lipase C-14, trypsin or valine arylamidase is detected. Activity for β-galactosidase may or may not be detected and β-galacturonidase activity is either weak or negative. Aesculin, gelatin, hippurate and urease are not hydrolysed. Acetoin is not produced. Nitrate is not reduced to nitrite. The cell wall contains an -Orn--Asp-based murein (type A4β). Isolated from dead common seals. Habitat is not known. The type strain is CCUG 42358 T (l CIP 106392 T ).
